A minimal SO(10) Higgs structure involving a single adjoint field along with spinors, vectors and singlets has been shown to break the SO(10) gauge symmetry to the standard model while stabilizing the F-flat directions and solving the doublet-triplet splitting problem naturally. With this minimal set of Higgs fields, we show how to construct quark and lepton mass matrices which explain well the many features of the observed spectrum, including the Georgi-Jarlskog mass relations. A large ν µ − ν τ mixing angle results naturally as observed in the atmospheric neutrino data. A particular model relying on a family symmetry has been constructed which realizes the desired mass matrices. *
A brief discussion is given of the implications of a minimal SO(10) Higgs structure that have been developed in a recent series of papers. Barr and Raby [1] have shown how this minimal set of Higgs fields breaks the SO(10) gauge symmetry to the standard model while stabilizing the F-flat directions and thus solves the double-triplet splitting problem.
Following this lead, the authors [2] have used this Higgs structure to construct quark and lepton mass matrices which are fairly tightly constrained with some interesting features emerging. Of special interest to this Conference is the large ν µ − ν τ mixing angle resulting from the special textures of the Dirac matrices, as opposed to the more conventional large hierarchical structure for the Majorana neutrino matrix [3] .
I. MINIMAL HIGGS STRUCTURE
We begin with a summary of the minimal SO(10) Higgs structure [1] which solves the doublet-triplet splitting problem naturally rather than by fine-tuning. The Higgs fields which are involved consist of a pair of 10's, one 45, two pairs of 16 + 16's and four singlets.
The Higgs superpotential is written
Here T 1 and T 2 label the two 10's, A labels the 45, C, C, C ′ , C ′ label the two pairs of 16 + 16's, while P, X, Z 1 , Z 2 label the four singlets.
The W A terms produce the Dimopoulos -Wilczek mechanism [4] by generating a VEV for the single 45 in the B − L direction. The T 1 AT 2 term gives superheavy masses to the color triplets in T 1 and T 2 . The mass term M T T and C pair to get VEVs in the SU(5)-singlet direction. The VEVs of A and C then break SO(10) to the standard model. The term W CA couples C and C to A and prevents the production of colored pseudo-goldstone bosons in the breaking of SO(10). Since no GUTscale VEVs are generated for C ′ and C ′ , the Dimopoulos -Wilczek hierarchical form of A is not destabilized by the presence of W CA , thus solving the doublet-triplet splitting problem. Finally, the presence of the term W T C induces an electroweak breaking VEV for C ′ which mixes with that in T 1 . Hence the two Higgs doublets appear in the combinations
in terms of the SU (5) representations present in T 1 and C ′ . The combination orthogonal to H ′ gets massive and drops out of the picture.
An important point to be made is that the above form of the Higgs superpotential can be uniquely obtained by the introduction of a U(1) × Z 2 × Z 2 family symmetry [1] with the appropriate assignment for the charges of the Higgs fields as follows:
II. FERMION MASS MATRICES FROM THE MINIMAL SET OF HIGGS FIELDS
We can then attempt to construct fermion mass matrices from the VEVs appearing in the minimal set of Higgs fields. The VEVs in question appear at the GUT scale and at the electroweak scale as follows:
Note that since the VEVs of the doublets of the T 1 SO(10) 10 appear in the SU (5) Yukawa coupling unification at the GUT scale suggests as usual the coupling of T 1 to the third generation quarks and leptons according to 16 3 16 3 T 1 . Now, however, because of the linear combination appearing in (2), the top-to-bottom quark mass ratio at the GUT scale assumes the form: Higgs structure then suggest the following textures for the Dirac mass matrices [2] :
where the matrices are written so that the left-handed antifermions multiply them from the left and the left-handed fermions from the right. The 2 -3 sector of the above matrices is essentially uniquely determined. Here the ǫ terms arise from the B − L VEVs, A , of the antisymmetric 45, while the ρ terms arise from the C ′ VEV. The 1 -2 sector has more uncertainty. We have made the simplest choices here; for example, the σ terms may arise from T 1 Higgs VEVs after integrating out superheavy 16 fermions, while the σ ′ terms appear after integrating out superheavy 10 fermions.
If we assume that ρ ≫ ǫ ≫ σ ′ ≫ σ, by diagonalizing the matrices we find: 
Here α is the relative phase between ǫ and ρ, while φ is the relative phase between σ and σ ′ . In addition to the Georgi-Jarlskog relations [5] , we observe that m (6) as indicated below. In fact, the mixing will generally be very large, unless the form of M R is fine-tuned. As a result of the asymmetrical ρ contributions appearing in D 0 and L 0 , we can then understand why V cb mixing is small in the quark sector while the ν µ − ν τ mixing is large in the neutrino sector. The atmospheric anomaly [6] can thus be understood without resorting to a very hierarchical form for the Majorana matrix.
III. NUMERICAL RESULTS
In order to obtain numerical comparisons with experiment, the fermion masses and mixings have been evolved [2] from the unification scale, M G , to the supersymmetry scale M SU SY ∼ m t , by making use of 2-loop MSSM β functions and from M SU SY to the running mass scales with the use of 3-loop QCD and 1-loop QED or EW beta functions. We find the known quark mass and mixing data is best fitted with tan β ≃ 30. For this value, and the known m µ , m τ and V cb , the two parameters ρ and ǫ are found to be
in terms of the chargino loop correction ∆ cb ≃ −0.05 for V cb .
The following predictions then emerge with cos α = 1: MeV.
• We find m c (m c ) = (1.05 ± 0.11)(1 − ∆ cb ) ∼ (1.10 ± 0.11) GeV, in reasonable agreement with the experimental value of (1.27 ± 0.1) GeV.
• For a non-hierarchical diagonal form for M R , we find sin 2 2θ µτ ≃ 0.7. This large neutrino mixing occurs not because of a hierarchy in the right-handed Majorana neutrino mass matrix but rather because of the asymmetrical form appearing in the charged lepton mass matrix as a result of the minimal Higgs structure assumed.
• For the form of the first generation contributions to the mass matrices given in (6) In [2] , detailed results have been obtained for a broader range of the input parameters ρ, ǫ, cos α and φ.
IV. SPECIFIC SO(10) SUPERSYMMETRIC GRAND UNIFIED MODEL
It is of interest to construct a specific SO(10) supersymmetric grand unified model which leads to the textures for the mass matrices postulated in Eq. (6) . This has been accomplished in [2] for the second and third generation contributions which are essentially uniquely determined. The first generation contributions, being higher order, are less well determined and are subject to further study as are the contributions to the right-handed Majorana matrix.
Considering only the second and third generations, we are led to the following Yukawa superpotential,
In addition to the two light fermion families, one pair of 16 + 16 and one pair of 10 + 10 ′ fermions have been introduced which get superheavy as a result of the interactions present in Eq. (9). By making use of the previous U(1) × Z 2 × Z 2 family assignments for the Higgs fields given in Eq. (3), the above terms for the Yukawa superpotential are uniquely obtained if we extend the following U(1) × Z 2 × Z 2 assignments to the fermions:
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The desired 22, 23, 32 and 33 entries in the Dirac matrices of Eq. (6) Department for its kind hospitality. 
